To test whether the palatability of a test meal altered compensatory eating following disguised high-energy fat and carbohydrate preloads. DESIGN: Effects of preload energy (low, 265 kJ, or high, 1510 kJ) and test-meal palatability (bland or palatable) were contrasted within-subjects, with a between-subjects contrast of fat and carbohydrate preloads. SUBJECTS: Twenty-four healthy, normal men (age 23.6 AE 1.0 y, (body mass index) BMI 21.3 AE 0.5). MEASUREMENTS: Microstructural analysis of test meal intake and rated appetite in the four test conditions, plus diary-based weighed intake analysis of energy intake post-lunch. RESULTS: Subjects ate signi®cantly less at lunch after disguised high-energy fat or carbohydrate preloads relative to the lowenergy preload, and ate signi®cantly more of the palatable than bland lunch in all conditions. The reduction in eating following the high-energy preload was signi®cantly less in the palatable condition. Intake post-lunch did not differ between conditions, and overall subjects had higher daily energy intake on the days they consumed the high-energy preloads. Rated hunger was signi®cantly less 30 min after the high-than low-energy preloads, but increased on tasting the palatable food in all conditions. The high-energy preloads suppressed appetite immediately post-lunch. No differences between fat and carbohydrate were found on any measure. CONCLUSIONS: Manipulation of the palatability of a test meal modi®ed the ability to respond to disguised high-energy preloads, with over-consumption most evident when disguised high-energy preloads were followed by a palatable food. Subsequent voluntary intake compensated for over-consumption of the palatable lunch, but not the high-energy preload.
Introduction
The incidence of obesity is increasing, and is widely regarded as a consequence of a positive energy balance associated with excessive food intake. 1, 2 In order to develop effective treatments for obesity we need to understand what motivates people to overeat. The regulation of food intake is complex, involving the integration of orosensory, gastro-intestinal and metabolic signals. The present study examines how two of these factors, palatability and satiety, interact to determine short-term food intake. This is important since there is evidence that obesity may involve abnormal responses to palatability 3 and disrupted satiety and energy balance. 2, 4 Understanding how palatability and satiety interact in normal-weight individuals should allow us to predict how disruption to this relationship could lead to obesity. The main question addressed by the present study is whether the degree to which subsequent eating is reduced following a high-energy preload, relative to a sensorily matched low-energy control, is dependent on the palatability of what is eaten. Our current knowledge of the interaction of palatability and satiety suggests two possible outcomes. Firstly, the recent ®nding that rated palatability is increased following exercise 5 suggests that the more hungry an individual is, the more pleasant food is perceived. It thus follows that satiety induced by the prior consumption of a high-energy preload should reduce palatability and so reduce intake. However results of previous studies using high-energy preloads have been equivocal, with some studies ®nding reductions in the palatability of a subsequent test meal 6, 7 and others ®nding no effect. 8, 9 An alternative outcome is predicted from pharmacological studies of the role of opioid peptides in appetite control in animals, where increasing hunger reduced sensitivity to palatability. 10 Since opioids are implicated in the mediation of palatability-effects in humans, 11 this implies a weakening of the in¯uence of palatability with increasing hunger. To try and resolve these alternative possibilities, we made use of the microstructural method developed previously in this laboratory 12 to record appetite and food pleasantness throughout a test meal consumed following both a low-and high-energy preload. To examine the role of palatability, the¯avour of the test meal was manipulated to produce a bland lunch which was rated as neutral in palatability and a more palatable lunch. Subjects were thus tested in four conditions, combining the low-and high-energy preloads with the bland and palatable test lunch. Previous work at Sussex has established that¯avour manipulations alone can alter acute food intake, 13 and that increasing the rated palatability of a food by a relatively small amount causes a signi®cant and predictable increase in food intake. Similar effects of manipulated palatability have also been reported for voluntary food intake during normal eating conditions. 14 No published study has examined the longer-term effects of manipulated palatability in the laboratory, although one study reported sustained increases in rated hunger after eating a set amount of a preferred rather than a non-preferred iso-energetic lunch. 15 Furthermore, maintaining a constant nutrient content but altering appearance and¯a-vour caused an increase in energy intake that was evident over a seven day test period in another study. 16 To test for effects of the preload and palatability manipulations used here on longer-term appetite, subjects completed weighed food diaries for all voluntary food and¯uid intake postlunch on each test day.
The study used the preloading technique since this has been widely employed in appetite research. 17 The results of previous preloading studies have been varied, and in particular there has been some evidence that responses to fat and carbohydrate preloads differ. Thus while food intake tends to be reduced after carbohydrate preloads, 18 ± 24 preloads based primarily on fat appear to have less effect.
6,25 ± 28 These observations have been widely cited as potential evidence for a role of fat-intake in the development of obesity. 29 ± 31 However, the ®nding that intra-gastric infusions of fat (intralipid) and carbohydrate (glucose) had identical effects on subsequent food intake and rated appetite 32 suggests that the reported differences between oral fat and carbohydrate preloads may have been due to orosensory rather than macronutrient differences. Since many studies contrasting oral fat and carbohydrate preloads have failed to match the orosensory properties of these preloads, the second aim of the present experiment was to test whether differences between fat and carbohydrate preloads persisted when preloads were fully disguised, building on our previous work using carbohydrate-based preloads. 9 In the present study we contrasted eating following three soup preloads which were closely matched in terms of sensory and hedonic characteristics. One preload was low-energy (265 kJ), and two high in energy, either based on fat (oil, 1514 kJ) or carbohydrate (maltodextrin, 1504 kJ). These preloads were consumed 30 min prior to the test lunchtime meal. This time interval was chosen since it has proved successful in several other studies. 9, 33 By combining these preloads with the palatability manipulation at lunch, we could also assess potential macronutrient-speci®c interactions between satiety and palatability.
Methods

Design
The study contrasted intake of a palatable or bland lunch eaten 30 min after a low-or high-energy soup preload, giving four test sessions per subject. The additional energy in the soup was principally in the form of fat (oil) for half the subjects, and principally carbohydrate (maltodextrin) for the remainder, giving a between-subjects contrast of the effects of these two macronutrients.
Subjects
Twenty-four male volunteers were recruited from an existing subject database consisting of students and staff at Sussex University. Potential subjects who were not dieting, had reported no history of eating disorders, who did not smoke and had normal medical histories, were told that the study investigated the effects of food on mood in order to minimise expectancy effects and were provided with a list of all food items to be consumed. Only subjects who were willing to eat all items were allowed to participate and subjects gave their written informed consent prior to participation. The study design was approved by the University of Sussex Ethics committee, and conformed to the ethical standards laid out in the 1964 Declaration of Helsinki. Subjects were assigned at random to the fat or carbohydrate groups, and these groups did not differ signi®cantly in age (carbohydrate, 23.3 AE 1.4 y; fat, 24.0 AE 1.5 y), body mass index (BMI) (carbohydrate, 20.6 AE 0.5; fat, 22.0 AE 0.7) or dietary restraint (measured using the Three-Factor eating Questionnaire Restraint scale, 34 carbohydrate 2.3 AE 0.6, fat 3.1 AE 0.6). Participants were given no indication that the soup preloads differed in any way, and their awareness was assessed subsequently in a structured debrie®ng session on the ®fth day prior to payment.
Visual analogue ratings
All appetite and mood ratings were presented either as 100 mm line scales on paper or using computerised line scales developed during previous work in this laboratory, 35 using a single horizontal line positioned centrally on a VDU screen. In both cases the line was end-anchored with the Palatability and compensatory eating MR Yeomans et al words`Not at all' and`Extremely', and the polarity was randomised throughout with the computer-based ratings. Pen and paper ratings were made by marking a cross at the appropriate point on the line, while this was achieved by the accurate positioning of a vertical bar on the horizontal line for the computerised ratings. Previous work at Sussex and elsewhere 36, 37 have found no signi®cant differences in use of these two forms of rating. All ratings were scored on a scale of 0 (not at all) to 100 (extremely).
Preloads and test meal
Three preloads were used, all based on a modi®cation to a commercial low-calorie instant soup (Bachelors`Mediterranean Tomato'). The preloads were developed from extensive pilot work in which the sensory properties were matched as closely as possible by the addition of strong¯avourings (tabasco and lemon juice). The low-energy soup consisted of the commercial product with these added¯avourings, plus small amounts of an arti®cial sweetener (aspartame), a thickener (guar gum: Agrisales limited), and low-fat milk added to match the sensory properties of the high-energy soups. The energy in the fat-based soup was added principally as olive oil, with a small quantity (25 g) of intralipid (Fresenius Kabi, Runcorn, UK) for emulsi®cation, and the same level of sweetener, thickener and¯avourings as the low-energy soup. The energy in the carbohydrate-based soup was in the form of maltodextrin, using a grade which had minimal sweetness and thickening properties (CPUR maltodextrin, Cerestar plc). This soup had no added sweetener or thickener, but contained the same amount of intralipid as the high-fat soup to match colour and¯avour. The ®nal composition of the 300 ml servings of these soups is given in Table 1 . In pilot studies with male volunteers, these soups did not differ signi®cantly in terms of pleasantness, sweetness, creaminess, saltiness or strength of¯avour.
The food used for the test meal was pasta shells (Sainsbury's`Conchiglie'), which were freshly prepared daily by boiling for 10 min in unsalted water, served in either an unseasoned (bland) or seasoned (palatable) tomato and onion sauce (nutritiona100 g: 213 kJ, 4.3 g carbohydrate, 3.3 g fat, 1.2 g protein). The¯avourings used to season the sauce were salt (0.2%), black pepper (0.15%) and oregano (0.15%). The combined pasta and sauce was reheated, and served at a temperature of 60 ± 65
C.
Procedure
Subjects were tested on four occasions separated by a minimum of two days. Following a fast from 23:00 on the preceding evening, they reported to the laboratory between 09:00 and 10:00, where they were given a standard breakfast of cereal (Kellogg's`Crunchy Nut Corn¯akes') with low-fat milk and orange juice (total nutrient content: 1634 kJ, 4.7 g fat, 8.7 g protein, 77 g carbohydrate). They were instructed to eat nothing and to drink only water (provided) between breakfast and lunch, which started between 12:00 and 13:00, exactly 3 h after breakfast. After rating hunger and fullness and a series of mood evaluations (ratings of clearheaded, happy, friendly, jittery, nauseous, energetic, relaxed and thirsty), they received either the high-or low-energy soup preload, with half the subjects receiving the fat-based and the remainder the carbohydrate-based high-energy preload. Sensory properties of the soup (pleasantness, sweetness, creaminess, saltiness and strength of¯avour) were rated, and once all the soup had been consumed, subjects rested in a waiting room until the start of the test meal (timed at 30 min from the start of soup intake).
As in previous studies in this laboratory, 11 food intake during the test meal was monitored continuously using a disguised digital balance (Sartorius, Model BP 4100), positioned so that the balance protruded 3 mm above the table surface, and no part of the balance was visible. The balance top was covered by a white plastic place mat (267Â318 mm), and was connected to an Apple Macintosh Power PC computer (model G3) via a serial line connection. The computer was custom-programmed (in FutureBasic: Staz Software, USA) to read the balance weight at stability (to 0.1 g accuracy) at 2 s intervals throughout each meal. The test meal started with ratings of hunger, fullness and mood, at which point 500 g of the appropriate food (bland or palatable) was served. Subjects re-rated hunger and fullness and rated food pleasantness, sweetness, saltiness and strength of¯avour immediately after taking the ®rst mouthful of food. They were then instructed to eat at their normal rate, with the following restrictions: they were only to take food onto their fork when ready to ingest it, and they were not to leave their fork in the bowl with their food at any stage. Although subjects were not told explicitly that their eating would be monitored, the restrictions on eating style are likely to have made subjects aware that this was so. Water was provided with lunch. Once the meal had started, the computer gave a signal (beep accompanied by on-screen instructions) for the subjects to pause after every 50 g consumed (referred to here as an eating bout), taken as the ®rst measurement where the decrease in weight of food from the start of that bout was at least 50.0 g. The food was replenished during the sixth interruption, and subjects were not allowed to end their meal with an empty bowl. Subjects could complete their meal at any time during an eating bout by selecting a button labelled`®nished', with the associated instruction`If you have ®nished all that you want, press the FINISHED key below'. Subjects rated hunger, fullness and food pleasantness Palatability and compensatory eating MR Yeomans et al during each pause within the meal, and a ®nal set of appetite and mood ratings was made immediately after the meal was completed. To assess effects of lunch manipulations on subsequent appetite and food intake, subjects were required to refrain from eating and drinking (except water) for the 2 h immediately post-lunch and to complete ratings (on paper) of hunger, fullness and mood 1 and 2 h post-lunch. They were also required to complete a weighed food diary for the remainder of the day, recording all food and drink intake. To achieve this, each subject was issued with a portable electronic balance, accurate to 1 g (EKS model 1002), and detailed instructions on diary completion. Instructions were given regarding operation of the balance, correct weighing of foods and leftovers, and the inclusion of cooking oils, drinks etc, and to include packaging materials for any ready-made meals. The same procedure was completed on all four test days, with the four test conditions counterbalanced across subjects in both the fat and carbohydrate groups. Diaries and appetite rating sheets were collected on the ®fth day, usually the day after the last test session, when subjects also underwent a structured debrie®ng. Here they were asked what they believed to be the purpose of the study and whether they noticed any differences between sessions. They were then told that some of the soups were low and some high in energy, and were asked to try and recall which soup they had received on each test day. Full debrie®ng followed, and age, height and weight were recorded before subject payment.
Data analysis
Diary records for intake post-lunch on each test day were converted into estimated energy and macronutrient intakes using commercial software (FoodBase 2000, Institute of Brain Chemistry), by an independent marker who was blind to treatment conditions. Overall food weight and energy intake at the test meal, and energy and macronutrient intake from the diary records post-lunch, were contrasted between preload conditions using three-way ANOVA, with preload energy (high or low) and test meal (palatable or bland) within-subject, and preload macronutrient (fat or carbohydrate) between subjects. ANOVA were also used to contrast rated appetite at six key points (the pre-soup baseline, start of the test meal, when food was ®rst tasted, the end of the test meal and 1 and 2 h post-lunch) with time of rating as an additional factor. The speci®c relationship between rated appetite (hunger and fullness) and actual food intake within the test meal was assessed by determining individual best-®t quadratic functions for each subject's data for each condition, and then contrasting the three coef®cients from these best-®t functions between preload conditions. 12 Data from three subjects could not be used in this analysis due to insuf®cient within-meal ratings, or problems with the computer data records on at least one test day. The hedonic and sensory evaluations of the soup and test-meal were contrasted between conditions using ANOVA. Analyses were conducted using SuperAnova and Statview (Abacus), with best-®t functions calculated using the least squares method, run on Macintosh computers.
Results
Overall intake and meal characteristics Intake at the test meal (Figure 1 ) varied depending on the palatability of the food (F 1,22 18 .04, P`0.001) and the energy content of the preload (F 1,22 24.22, P`0.0001), and the interaction term approached signi®cance (F 1,22 3.05, 18 .04, P`0.001) factors were still signi®cant ( Figure 2 ). However, although pasta intake was reduced following the high-energy soups, total energy intake was still greater in all high-energy conditions than in the equivalent low-energy conditions. Energy intake post-lunch ( Figure 2 ) did not vary between conditions, but total daily energy intake was higher on the days subjects consumed the high-energy soups (F 1,22 4.39, P`0.05), regardless of testmeal palatability or preload macronutrient content. Analysis of macronutrient intake post-lunch (Table 2) revealed an unexpected marginal three-way interaction between food consumed at lunch, soup condition and group (fat or carbohydrate) for carbohydrate intake post-lunch (F 1,22 4.02, P 0.058). With the bland food, subjects in the carbohydrate group ate signi®cantly less carbohydrate than subjects in the fat group following the low-energy preload, but the reverse pattern was seen after the high-energy preload. No other effects were signi®cant. Thus there was no evidence of macronutrient-speci®c changes in subsequent eating. That is, subjects who had been given disguised fat and carbohydrate preloads did not voluntarily reduce subsequent fat or carbohydrate intake.
Sensory and hedonic ratings of the soup and test-meal
The high-and low-energy soups did not differ signi®cantly in terms of pleasantness, sweetness, saltiness, creaminess or strength of taste (Table 3 ; no signi®cant main effect or interaction involving preload or group). As expected, the pleasantness of the test meal did depend on condition (main effect of food type: F 1,22 10 .58, P`0.005), with overall higher ratings for the palatable (54.9 AE 1.9) than bland food Palatability and compensatory eating MR Yeomans et al (45.4 AE 2.4) irrespective of preload condition, time of rating and preload macronutrient content, and these ratings were less at the end than the start of the meal. There was also an unexpected time Ã preload interaction (F 1,22 7.13, P`0.05; Figure 3 ), which suggested that the bland food was rated as more pleasant at the start of the test meal after the highenergy preloads, but then decreased more by the end of the meal than after the low-energy preload. No signi®cant effects of preload macronutrient content were found.
Appetite ratings before and after the preload and test meal As expected, there were no differences in hunger or fullness ratings between treatment conditions prior to the soup (Figure 4) . Appetite at the start of the test meal depended on preload condition with a signi®cant decrease in hunger, and increase in fullness (F 1,22 4.58, P`0.05), after the high-energy preload (F 1,22 12.21, P`0.005) regardless of macronutrient content. There was also a main effect of group (fat vs carbohydrate) on the change in hunger from baseline at this stage (F 1,22 10.55, P`0.005), with a smaller reduction in hunger overall in the fat group regardless of preload energy. The reason for this non-speci®c effect is unclear, and may be spurious. The change in hunger when the test meal was ®rst tasted was dependent on the palatability of the food (F 1,22 23 .95, P`0.0001), with an overall increase in hunger in the palatable condition and decrease in bland, irrespective of preload energy or macronutrient content. No equivalent change in fullness was seen. Hunger and fullness at the end of the test meal did not differ between conditions. Hunger increased (main effect of rating time, F 1,22 70.78, P`0.0001), and fullness decreased (F 1,22 51.45, P`0.00l), over the two 2 h post-lunch in all conditions. However, hunger ratings in the 2 h post-lunch depended on the preload energy content (interaction between time of rating and energy, F 1,22 4.25, P 0.05), with lower hunger ratings after the high-energy than lowenergy preloads 2 h post-lunch. There was no effect of testmeal palatability or preload macronutrient content on rated hunger post-lunch. Rated fullness in this period depended on energy and macronutrient content of the preload (timeÂ energyÂgroup interaction, F 1,22 7.37, P`0.05). This complex interaction is due to a faster decrease in fullness following the low-energy preload in the fat than in the carbohydrate group. Given that the low-energy conditions were identical, and no difference was seen between equivalent high-energy conditions, the reason for this effect is unclear.
Changes in subjective appetite within the test meal In line with previous studies, 12 best-®t quadratic functions were used to relate changes in rated hunger and fullness within a meal against actual food intake. Contrasts of the components of these best-®t functions (Table 4) between conditions found a signi®cant main effect of preload on the y-intercept for hunger (F 1,19 16.19, P`0.001) and a trend for the same main effect for fullness (F 1,19 4.00, P 0.059), with lower hungeraincreased fullness after the high-energy preload regardless of macronutrient composition. The linear coef®cient relating hunger with intake Figure 3 The rated pleasantness of the test foods at the start and end of eating following the low-and high-energy preloads.
Ã Signi®cant difference between equivalent low-and high-energy conditions (P`0.05). No other main effects or interactions based on these components of the best-®t functions were affected by preload or palatability. As with our previous studies, 9,11,38 the best-®t quadratic coef®cients accounted for signi®cantly more of the variance than did a linear model, accounting for 93% of the variance for hunger ratings, and 91% for fullness.
Responses in debrie®ng
Only one subject correctly identi®ed the purpose of the study as the effects of soup on appetite, however omitting his data had no effect on any of the reported ®ndings. Most Figure 4 Hunger and fullness ratings over the course of the study for subjects eating the bland and palatable lunches after low-or high-energy preloads. Signi®cant differences (P`0.05) were found between low-and high-energy conditions ( Ã 1), bland and palatable conditions ( Ã 2) and between the highenergyabland condition and the other preloads ( Ã 3). y-Intercept for hunger after high energy preload signi®cantly less (P`0.001) than after low-energy preload regardless of food type or group. b Linear coef®cient signi®cantly higher (P`0.05) in palatable than bland condition regardless of preload or group. c y-intercept for fullness after high-energy preload tended to be greater (P 0.058) than after low-energy preload regardless of food type or group.
Palatability and compensatory eating MR Yeomans et al subjects (15a24) had accepted the moodafood description, with a further three reporting appetiteataste interactions. When asked if the soup was the same or different on all test days, only 7a24 answered`different', although this increased to 16a24 once told that some days the soup was high-and some days low-energy. Only one subject was able to correctly identify all four soups in terms of energy, while two subjects incorrectly identi®ed all four soups, and 13a24 had no idea. Overall these responses con®rm that the purpose of the study was adequately disguised, and that the attempt to disguise soup energy content was successful.
Discussion
Three main ®ndings emerged from this study. Firstly, consumption of disguised high-energy fat and carbohydrate preloads led to a reduction in food intake at a test meal 30 min later, but the level of reduction was inadequate to compensate fully for the additional energy in the preload. Secondly, the amount by which subjects reduced intake at the test meal depended on the palatability of the test meal, with little compensation when the meal was more palatable. Thirdly, no differences between the fat and carbohydrate preloads were seen on any intake measure. The ®nding that normal-weight subjects ate less at lunch 30 min after fat and carbohydrate preloads containing an extra 300 kcal (1245 kJ) extends the ®ndings of previous work in this laboratory 9 and elsewhere. 20, 23, 33, 39 However, other published studies using similar preload designs have found little or no evidence of any reduction in subsequent shortterm intake. 40, 41 The present ®nding that test-meal palatability was critical in determining whether or not subjects reduced subsequent intake offers a potential explanation for these disparate ®ndings. Thus it might be that previous successful' studies tended to use less palatable test meals, whereas studies which found no compensation may have used more palatable foods. The failure to include any independent measure of the palatability of the test meal in many studies prevents any thorough test of this hypothesis, but suggests that some measure of palatability should be included as a routine part of the methodology of future oral preload studies. The present study also used a test meal based on a single food item, whereas most meals contain variety, which itself is known to stimulate intake. 42 The ®nding that palatability moderated the ability of a high-energy preload to reduce intake, at least in the shortterm, has potential signi®cance for understanding overeating. The normal diet of people in Western culture is palatable, 14 indeed people spend considerable time and effort seeking out the foods they ®nd most palatable. Thus the ready availability of palatable foods could prevent shortterm responses to satiety cues, and so lead to overeating. However, despite the signi®cant effect of palatability on food intake at the test meal in the present study, overall daily energy intake was not dependent on test meal palatability, but was affected by preload energy content. Thus, in normalweight subjects, a greater short-term intake of food induced by manipulated palatability did not result in an increase in total daily energy intake, implying that subjects adjusted their intake in the post-lunch period in relation to voluntary food intake at lunch. The failure to ®nd any differences in response to fat and carbohydrate preloads on any intake measure contrasts with several in¯uential studies. 26, 43 However, other studies which have used disguised oral fat and carbohydrate preloads with identical energy densities have also failed to ®nd differences between these macronutrients, 33 while gastric infusions of fat and carbohydrate have identical effects on subsequent eating and rated appetite. 32, 44 This clearly implies that orosensory factors are important in determining the different response to oral fat and carbohydrate preloads reported in some studies. When these orosensory differences were removed, equi-energetic fat and carbohydrate loads had identical effects on food intake. The only evidence of any macronutrient speci®c effect in the present study was attributable to a spurious difference in responses to two identical low-energy preloads. Overall, we found little evidence of any difference in appetite following the fat and carbohydrate preloads.
In the introduction we described two potential interactions between palatability and satiety. The ®rst suggested that palatability may vary with motivational state, so that as satiety is increased, palatability decreases. 45 However, despite the reduced intake after high-energy preloads, we found no evidence of any change in the rated pleasantness of the test meal as a function of preload energy content, in line with other studies. 9 Moreover, there was no evidence that the stimulation of appetite by the¯avour of the lunch (indexed by the linear coef®cient from the quadratic functions relating hunger to intake in the meal 12 was altered by preloading, with a tendency for hunger to increase in the palatable and decrease in the bland conditions independent of preload content (Table 4) . Thus although inducing hunger, for example through exercise, 5 may enhance food palatability, increasing satiety does not appear to have the converse effect. Indeed, reduced palatability is rarely cited as a reason for ending a meal. 46 It may be that hunger and satiety have different effects on palatability, although this requires substantiation. However this idea ties in well with the suggestion that controls of appetite are asymmetric, based on the observation that it is easier to gain than lose weight. 47 The second interaction implied that subjects should be more sensitive to the short-term effects of palatability as motivation to eat decreased. There was some evidence to support this idea since the difference in intake between palatable and bland meals was larger after the high-energy preloads. Thus it is possible that induced need states do enhance palatability, but that in the short-term satiety signals do not reduce the perceived palatability of a food, but instead increase ®nickiness.
Energy intake at lunch in the present study was less than in some studies using similar basic designs, but employing multi-item meals, 48, 49 although similar to other European Palatability and compensatory eating MR Yeomans et al studies. 28, 50 However, estimated total daily energy intake was comparable to that reported in other studies using preloads, 28 ,51 ± 53 although some studies report higher daily intakes. 48 The use of a single-item lunch, which facilitated micro-structural analysis of eating, may therefore have resulted in a tendency for subjects to underconsume at the test meal. It is likely that compensatory eating is more evident in response to dietary dilution than to dietary supplementation. 53 Thus, an alternative explanation for why we found reduced eating after the oral soup preloads whereas some others have failed to ®nd similar reductions may be due to the low-energy content of the control preload. This further emphasises how small methodological differences may have marked effects on the outcome of these types of study. The use of a split-design, with contrasts of fat and carbohydrate relying on between-subjects contrasts, could potentially have reduced the power of the study to ®nd macronutrient-speci®c effects. It has been suggested that the optimal preload design would contrast at least two levels of each macronutrient so that a dose function can be calculated and compared between macronutrients. 54 It could be that differences between fat and carbohydrate may have emerged using such a design. However, the lack of any trend for differences in response to fat and carbohydrate, with almost identical intakes in the two groups, suggests this was not the case. Similarly, using two or more doses of the macronutrients may have revealed subtle effects which were not apparent here. Another factor which may have resulted in under-eating at the test meal is sensory speci®c satiety, 55 since both soup and lunch meal has a tomato base. However, the¯avourings used in the study should have meant greater similarity between the soup and palatable lunch condition, and sensory speci®c satiety should thus be greater for the palatable lunch. Since subjects consumed more palatable than bland food regardless, any such effect clearly did not reduce the power of the study to measure palatabilityinduced eating.
Summary
The present study found that intake at a single-item test lunch was acutely sensitive to both the palatability of the test food and the energy, but not macronutrient content, of a soup preload consumed 30 min earlier. The effect of the high-energy preload was less when the test meal was more palatable. Overall daily energy intake was higher on the days that subjects consumed the high-energy preload, but not on the days they consumed the more palatable lunch. Thus in normal-weight men, disguised energy in the form of fat and carbohydrate generates satiety signals which reduce subsequent energy intake, but not to a level which fully compensated for the hidden energy. Future research should test whether similar responses are seen in overweight individuals, especially in light of claims that obese subjects may be over-sensitive to palatability.
